Intrоduсtiоn
Sour cherry (Prunus cerasus L.) is a member of the Rosaceae family. The origin of the sour cherry is the North Anatolian Mountains stretching between Asia, Istanbul and the Caspian Sea. Sour cherry Cherry is well adapted to different climatic conditions. The continental climate prevailing in the inner regions of Anatolia is based on hot and dry summers and cold winters. For this reason, it is mostly grown in the inner and transition regions of Anatolia (Özçağıran et al., 2003) . o C. After the application, 70% or above of damaged buds were considered dead. In addition, total, bound and free water, dry matter, total carbohydrate, protein, proline and nutrient levels were determined. Differences between the mortality rates of buds and flowers at different temperatures were statistically significant. In the winter season, buds with high frost resistance started to lose this resistance towards the spring season. Temperatures of more than 50% of buds are observed at -16°C on 29.01; 20.02 and 06.03 at -15°C; 20.03 at -11°C; it was determined as -10°C on 05.04 and 20.04. According to this, in the city center of Konya cherry flower buds are damaged by frost until the end of March and the probability of damage after this period is reduced. With the emergence of winter season, the water content of the buds has increased significantly. A rapid decrease in the amount of bound water was found in the buds with the emergence of winter and a rapid increase in the amount of free water. On the other hand, the dry matter contents remained stable between 29.01 and 05.03, and a rapid increase occurred on 19.03. The differences between the nutrient amounts were found to be statistically significant. According to this, the content of N in buds has decreased continuously between 29.01 and 20.04. The amounts of P, K, Mn, Zn and S increased from 29.01 to 20.03 and started to decrease after this date. Mg and Fe amounts increased regularly until 20.03 and remained stable after this date. Ca and Cu levels increased until 06.03, then began to fall. The B content increased continuously. The amount of Zn increased regularly until 05.04 and then decreased. S content fluctuated on different dates. Significant differences were determined in terms of carbohydrate content in buds. According to this, the carbohydrate content decreased regularly from 29.01 until 05.04 and started to rise again in 19.04. Bud's protein contents showed a steady decrease in successive sampling periods. The differences between the contents of the proline were not statistically significant. Alnuaimi and Pırlak / Selcuk J Agr Food Sci, (2019) 33 (1), [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] temperatures that damage reproductive organs are different between species and varieties. However, it is not easy to distinguish genotype effects from other factors. As a result, it has been observed that critical temperatures change not only with the phenological stage of flower buds but also with species, cultivars, orchards and even trees (Westwood, 1993) .
While the flower buds of the fruit trees are resistant to the low temperature effects, in the spring after the rest, the dormancy period ends, the plants begin to grow and the resistance to cold decreases (Iezzoni and Hamilton, 1985) . Damage to open generative buds and ovaries depends not only on temperature but also on freezing time. Data on factors determining the resistance and resistance of sour cherry generative organs to spring frosts are insufficient. The aim of this study was to investigate the resistance of sour cherry buds and flowers to winter and spring frosts.
Due to the climate zone in which our country is located, fruit species are sometimes damaged by spring frosts. Previously, these damages were more common in early flowering almonds, apricot and peach fruit species, but in recent years they caused losses in late flowering fruit species due to global climate change. In the observations made in Central Anatolia and Konya province, spring frosts have been found to cause damage in late blooming fruit species such as apple, pear, quince and sour cherry in recent years.
By determining the types and varieties of fruit suitable for the regions, it may be possible to reduce the frost damage that constitutes a financial burden on the producers, the country's economy and the institutions and organizations insuring agricultural products. For this purpose, it is possible to determine the variety and variety of fruit species and varieties suitable for each region by determining the susceptibility of the fruits species and varieties to the cold in different phenological periods. Thus, the effect of frost events that lead to large yield losses can be reduced to a certain extent. The aim of this study is to determine the cold tolerance of buds and flowers in cherries which are an important part of our country's agriculture and to examine some factors affecting cold tolerance.
Materials and Methods

Materials
The research was conducted in 2018 in the Department of Horticulture, Faculty of Agriculture, Selçuk University. At 13 years of age, Kütahya sour cherry cultivar were used as the plant material. Kütahya sour cherry variety is the most important cherry variety of our country. Flowers in April-May. The leaves are bright, glabrous and short-handled. The fruit is shiny dark red, roundish in heart shape and the end side is cut. Juicy and flavored. Very good quality. Trees are very efficient (Özçağıran et al., 2003) .
Methods
Studies and practices were made on the shoots taken from the plants in the fruit-making period and under the same climate and maintenance conditions. Exemplary plants are inoculated on the same rootstock, the same age and size. 25 plants were selected from Kütahya sour cherry cultivar and samples were taken from these plants. The study was carried out to cover 1 winter and spring period, and samples were taken every 15 days (Felipe, 1977) . Specimens were taken from the middle of the trees at a height of at least 1 m from the ground and between 10-11 in the morning (Pramsohler and Neuner, 2013) . The samples were taken as much as possible from the same regions of all trees and with the same length. The samples were kept at a temperature of +4°C (Quamme, 1983) in order not to change the exothermic temperature until the application time of cold application (Quamme, 1983) . In each period, frost and vitality tests, in order to determine the organic and inorganic substances 300 flower bud and flower was taken.
Determination of the Temperature at which the Buds Die
In order to determine the temperature of the flower budsand flowers, the samples taken at different periods were gradually placed in the temperature-lowered cabinet and tested. The buds were placed in aluminum foil to prevent the buds from being affected by temperature fluctuations during testing (Wheeler et al., 2014) . The test buds and flowers were made at temperatures between 0 and -22°C for 1 hour (Reig et al., 2013) . After the application, 70% of damaged buds were considered dead. Damage detection was done by cutting the buds. The color of the buds was taken as cross section, the light yellow and green ones were alive, and their color was darkened and returned to brown (Felipe, 1977; Reig et al., 2013) .
Determination of Total, Bouned and Free Water Quantities
Fresh weight, air dried and oven dry weights were taken from 50 buds taken at each stage. The obtained values were processed in the following formulas and thus, the free, bound and total water contents of flower buds and flowers were determined (Buchner and Neuner, 2011) . 
Total Dry Matter Determination
In order to determine the dry matter ratios of the buds and flowers, 50 buds and flower were taken from different points of the shoot and dried in the oven set to a temperature of 70°C until complete drying was achieved (Reig et al., 2013) . Alnuaimi and Pırlak / Selcuk J Agr Food Sci, (2019) 33 (1), 26-36
Plant Nutrient Determination
For plant nutrient analysis, 100 buds and flowers were dried at room temperature. Then, in the samples which were pulverized using mortar, analysis was performed to determine the amounts of nitrogen, phosphorus, potassium, calcium, sulfur, boron, iron, copper, zinc, manganese, magnesium and molybdenum. P, K, Ca, Mg, Fe, Mn, Zn, Cu, B and S contents of plant samples in 3 different steps with nitric acid-hydrogen peroxide (2: 3) acid: 1st step; 75% at 145ºC at microwave power for 5 m. 2nd step; 90% at 180ºC at microwave power for 10 m. 3rd step; 40% at 100ºC at microwave power for 10 m.
For 40 bar pressure resistant microwave was kept in the incineration unit, P, K, Ca, Mg, Fe, Mn, Zn, Cu, B and S were determined by spectrophotometer, N determination was determined by micro Kjeldahl method (Mertens, 2005) .
Total Carbohydrate Determination
Total carbohydrate analysis was performed according to Daniels et al. (2007) . To this end, dry bud samples (0.1 g) were placed in a test tube in a 10-5 ml NaOH water bath. After 10 minutes, 5 ml of distilled water was added and the protein content was obtained. The residues were washed with water and extracted twice with 10 ml of 67% H2SO4 for 30 min at room temperature. Appropriate dilution of the samples was carried out and the diluted samples filtered. To 1 ml sample, 1 ml phenol 5% reagent was added and then 5 ml concentrated. H2SO4 was mixed with the sample and allowed to stand at room temperature for 30 minutes. The resulting color was measured at 490 nm using a spectrophotometer against a reactive paper and the total carbohydrates were calculated using the standard glucose curve.
Protein Determination
Protein determination was made according to the Bradford method using 0.5 g samples where taken from the plant's buds. The results were calculated in terms of edil (mg protein / g) fresh texture. In each treatment plant, where 0.5g of the small fragmented organs was taken and 10 pieces homogenisation was performed by crushing it in 0.05 M phosphate buffer (pH: 6.5). The homogenate was filtered through a four-layered web and the filtrate was taken to centrifuge tubes and centrifuged at 15,000 rpm for 20 min. The liquid phase (supernatant) at the top of the tubes was used for protein determination and the amount of protein was determined by spectrophotometric method (Brasford, 1976) .
Proline Determination
Proline determination was determined spectrophotometrically by acid-ninhydrin method (Bates et al., 1973) . A standard graph was drawn using pure proline for this process. From the stock solution containing 200 μg of proline in 1 ml to the tubes, 0.2, 0.4, 0.6, 0.8, 1.0, 1.2, 1.4, 1.6, 1.8 and 2.0 ml of each tube was taken up to 2 ml with distilled water. 2 ml of glacial acetic acid and 2 ml of acid-ninhydrin solution were then added to the tubes. These samples were taken immediately to a 100°C. After 1 hour, the reaction was stopped by keeping in an ice bath for 10 min. 4 ml of toluene were added to each tube and mixed with a vortex for 20-30 sec. Then, in each tube, the supernatant was taken by an automatic pipette and the absorbance at 520 nm was measured. The standard graph is plotted using these values. For the determination of proline in the samples, 0.1g of texture was homogenized in a porcelain mortar in 10 ml of 3% sulfosalicylic acid and filtered through a funnel. 2 ml of the filtrate was taken and processed for the above standard graph. Then, A520 values obtained were determined as lerig proline on standard graph. These values were replaced with the following formula and calculated as (μ molar / g fresh leaf) proline. Proline (µM) / Fresh Leaf (g) = (Proline (µM) / ml x ml toluene) / (115.5 µg / mM) / (g texture/ 5)
Results and Discussion
Determination of the Temperature at which the Buds and flowers die
The results of the mortality rates of sour cherry bud and flower samples taken at different times between 0 --22°C are given in Table 1 . The differences between the mortality rates of buds and flowers at different temperatures were found to be statistically significant in all bud intake periods. The resistance of the buds and flowers to the cold varies according to their development period. This is entirely due to metabolic changes in the plant. For example, the rate of sugar in the resting cells and the increase of proteins increase the frost resistance by decreasing the formation of ice in the cell (Küden et al., 1998) . Accordingly, in the samples taken at 29.01, there was no death between 0 and -9°C. From -10 ° C, buds began to die; mortality rates from -10 to -12°C where % 1 only dead; -13°C where % 3; -14°C where % 8; -15°C where % 49; -16°C where % 97; -17°C where % 99 and finally at -18°C all buds where % 100 dead. In the samples taken at 20.02, there was no death until -11°C. Death occurred in buds from -11°C; mortality rates at -11°C where % 1; -12°C where % 2; -13°C where % 18; -14 and -15°C where % 77; -16°C all buds where % 100 dead. In the samples taken at 06.03, there was no death up to -7°C. Mortality rates were -8 and -9°C where % 2; -10°C where % 3; -11°C where % 16; -12 and -13°C where % 18; -14°C where % 31; -16°C where % 78; -18°C all buds where % 100 dead. In the samples taken at 20.03, there was no death between 0 and -5°C. From -6°C, buds began to die % 1; mortality rates from -7°C where % 7; -8°C where % 15; -9°C where % 34; -10°C where % 50; -11°C where % 51; -12°C where % 65; -13°C where % 92; -14°C all buds where % 100 dead.
The accuracy of buds to frost continued to increase in 05.04. As a matter of fact, the first damage tempera-Alnuaimi and Pırlak / Selcuk J Agr Food Sci, (2019) 33 (1), [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] ture in the buds taken in this period is -4°C (1% death). As the temperature drops, the rate of damage has increased. Mortality rates are -5°C where % 2; -6°C where % 3; -7°C where % 8; -8°C where % 10; -9°C where % 34; -10°C where % 67; -11°C where % 90; -12°C all buds where % 100 dead. In the samples taken on 20.04, the first damage occurred at -4 ° C (9% death). Mortality rates are -6°C where % 13; -7°C where % 16; -8°C where % 24; -9°C where % 31; -10°C where % 52; -11°C where % 93; after this temperature all buds where % 100 dead. (Table 1) .
With the decrease in the temperature in all sampling periods, the mortality rates of the buds have increased and this is an expected result. Similar results were obtained in the studies on the subject (Andrews and Proebsting 1987; Bartolini et al., 2001; Bartolozzi and Fontananza 1999; Burak 1989; Demirel 1997; Ertürk and Güleryüz, 2007) .
In addition, buds with high frost resistance in winter started to lose this endurance towards spring season. This is a natural consequence of the warming of The atmosphere, while the buds waking up with water mobility. It is accepted that at least 50% of the flower buds should remain healthy for a safe product. More than 50% damage occurring temperatures, 29.01 where -16°C, 20.02 where -14°C, 06.03 where -16°C, 20.03, 05.04 and 20.04 where -10°C that been proved. In previous studies on temperate climate fruit species, frost resistance increased to the middle of winter and reached the highest level, and then began to decrease (Burak 1989; Demirel 1997; Aslantaş 1999) .
According to the data of long years in Konya city center (1 January -30 April), the lowest temperature values are given in Table 2 and 3. According to this, the sour cherry buds in the city center of Konya are damaged by frost in January. As a matter of fact, in our study, it was found that the samples taken on 29.01 were more than 50% damage from -15°C. According to the data of many years, there is a possibility that the temperature will fall below -15°C in every day of January in Konya city center (Table 2 and 3) .
Likewise, there is a possibility of damaging the buds in February. In the samples taken at 20.02, more than 77% death was detected after -14°C. According to long-term data, the temperature for 14 days was lower than -14°C until the 20th of February. The buds received on 06.03 were started at -8°C. However, these mortality rates were below 50% at -17°C, and this rate was 87%. In the city center of Konya between 20 February and 6 March the temperature has fallen under -17°C for 4 days. As a result, the likelihood of damage to sour cherry buds in the period mentioned is still continuing. In the samples taken at 20.03, more than 50% damage occurred below -10°C. According to the meteorological data, it is also possible to damage the sour cherry buds during this period. Because the temperatures were below -10°C for 8 days. In the samples taken on 05.04, the rate of damage below -10°C exceeded 50%. During this period, as the weather continued to warm up to -10°C, the number of days was reduced to 3, so the likelihood of damage to the buds was reduced. Significant damages have occurred from -10°C in the samples taken on 20.04. According to the data of many years in the city center of Konya between 5-20 April, the temperature did not fall below -10°C. Accordingly, there is no risk of damage to cherry buds between these dates.
Total, Bound, Free Water and Dry Matter Amount in Buds
Water and dry matter contents of sour cherry buds in different periods are given in Table 4 . As a results, the differences between water and dry matter contents of buds in different periods were found to be statistically significant. While the total water content in the buds was 86.60% in 29.01, it increased to 86.55% in 19.02, 87.50% in 05.03 and 97.74% in 19.03. Accordingly, it is evident that the water content in the buds increases with the emergence from the winter season. This is expected as a result of the warming of the atmosfer, consequently the arousal and growth of the buds. The water condition in plant texture generally indicates the frost damage potential. Frost damage occurs as a result of dehydration of plant cells related to freezing (Xin and Browse, 2000) and plant texture with high water content are more damaged by freezing (Hao et al., 2009) .
A rapid decrease in the amount of bound water was found in the buds with the emergence of winter and a rapid increase in the amount of free water. The bound water, which was 0.084 mg on 29.01, fell to 0.080 in 19.02, 0.051 in 05.03 and 0.027 mg in 19.03. On the other hand, the bound water, which was 0.666 mg on 29.01, increased to 0.757 in 19.02, to 0.964 in 05.03 and to 1.879 mg on 19.03. Similarly, in the study conducted by Ertürk and Güleryüz (2007) , it was determined that water content of buds increased from winter to spring and there was a negative correlation between water content and frost resistance. Increased water content in texture reduces the frost resistance of texture and increases the threat of damage. The higher the amount of water in the texture, the greater the durability. The cold acclimation period promotes the depletion of water in tissues as well as the accumulation of osmotically inactive protein and starch. As a result, a smaller amount of water in the tissues of the plants can provide a significant advantage for adaptation. In this way, less expansion and deterioration may occur in the intercellular spaces (Levitt, 1980) .
The dry matter contents of the buds obtained at different dates were found to be almost the same between 29.01 and 05.03 and a rapid decrease was observed in 19.03. The flower buds that pass during the winter rest awaken with the warming of the weather in the spring. In this awakening, with the warming of the atmosfer, the movement of water in the soil and in the plant has an effect. With the movement of water in the plant, the stored nutrients move rapidly towards the buds. The amount of water and dry matter in the buds varied in Alnuaimi and Pırlak / Selcuk J Agr Food Sci, (2019) 33 (1), 26-36 the opposite direction to each other. With the increase of water, frost sensitivity is increased, buds gain more frost sensitivity strength with dry matter increase. Likewise, Aslantaş (1999) found a positive correlation between dry matter and almond resistance in almond buds.
Plant Nutrient Determination
Nutrient element analysis results of cherry buds taken at different dates are given in Table 5 . The differences between the nutrient amounts were found to be statistically significant. According to this, the content of N in buds has decreased continuously between 29.01 and 20.04. Accordingly, P, K, Mn, Zn and S amounts increased from 29.01 to 20.03, and have started to decrease after this date. Mg and Fe amounts increased regularly until 20.03 and remained stable after this date. Ca and Cu levels increased until 06.03, then began to fall. The B content increased continuously. On 20.04 increased to 178 mg / kg. The amount of Zn increased regularly until 05.04 and then decreased. S content fluctuated on different dates. It was increased on 19.04 and started to decrease after this date. The N content, on the other hand, showed a constant decrease from the other elements.
Ion loss was determined in the cells as a result of freezing / thawing stress and this caused loss of membrane permeability. The main cation that disappeared from the doner cells is potassium (Aslantaş et al., 2010) . With the exposure to low temperatures, the amount of calcium in the textures increases temporarily (Puhakainen, 2004) . In this process, calcium transition from apoplast to cytoplase fluid occurs. The calcium channels in the plasma membranes serve as sensors against temperature drop (Smallwood and Bowles, 2002) . In plants exposed to low temperatures, cell membrane fluidity decreases. This has been shown to be a signal for the functioning of cold-stimulated genes. Yigit and Güleryüz (1995) investigated the effects of potassium fertilization on cold resistance in Kütahya sour cherry variety. The potency of potassium in plants increases by affecting carbohydrate metabolism. determined that the potassium fertilizers applied at the appropriate doses lower the freezing point to lower temperatures by increasing sugar accumulation and osmotic pressure in the plant textures. Table 6 shows the total carbohydrate content of buds taken at different dates. Significant differences were determined in terms of carbohydrate content. According to this, the carbohydrate content decreased regularly from 29.01 until 04.04 and started to rise again in 19.04. This indicates that the tank carbohydrates in the buds are spent during the opening of the buds. On the other hand, as a result of photosynthesis, the extra carbohydrate production from 19.04 can be explained by the photosynthesis.
Total Carbohydrate, Protein and Proline Amount
Carbohydrates are the basic cryoprotectants for cold resistance in plants. It has been reported that carbohydrate level increases up to 10 times during low temperature and this accumulation is effective on frost resistance (Guy, 1990 ). This effect is probably thought to occur when carbohydrates pull deadly intracellular freezing point to lower degrees. These substances also prepare the cells to tolerate freezing by acting as osmoprotectant to prevent dehydration from cytoplasm (Smirnoff, 1995) . The relationship between the accumulation of carbohydrates in texture and resistance to cold was investigated in the rest period of different fruit species. In this context, Burak (1989 ) peach, Bolat (1993 and Demirel (1997 ) apricot, Palonen (1999 in the raspberry, the periodic change in carbohydrates and frost resistance have determined that there are important relationships.
Bud protein contents showed a steady decrease in successive sampling periods. The amount which was 1.423 on 29.01 decreased to 1.346 on 05.03 and to 1.215 on 19.04. This decrease is the result of the use of proteins as a source of nutrients during the opening of buds as in the total carbohydrate. Proteins play an important role in cold physiology of plants (Ertürk and Güleryüz, 2007) . Many studies have shown that new polypeptides are synthesized in response to low temperatures. In recent years, studies have shown that there is a relationship between frost resistance and proteins (Aslantaş et al., 2010) . Burak (1989) stated that the high rate of protein in flower buds affects the frost resistance positively. Our results are similar to the results of Litvinova (1974), Tamássy and Zayan (1981) , Burak (1989) . It has important functions such as the incorporation of proteins into the membrane structure, the hydrophilic properties of water retention, the flowability of the protoplasm and its elasticity. For this reason, it is known that proteins contribute to cold resistance. The formation of ice crystals in the cell as a result of the exchange of soluble proteins is encouraged. The close relationship between soluble protein content and frost resistance is related to the increase in the amount of tRNA, mRNA and polysomes required for protein synthesis (Levitt, 1980) . Proteins play a positive role in the growth of plants texture, apricots, peaches and olives were determined by the studies (Ashworth, 1983; Bartolozzi and Fontanazza, 1999; Bartolini et al., 2001) . Amino acids and proteins have a role in the frost resistance physiology of plants. Generally, when the plants are exposed to low temperature, the amount of soluble protein in their bodies is increased relatively, it is stated that this rate is high in the frost resistant species and varieties and low in the non-resistant varieties (Ertürk and Güleryüz, 2007) . Some of the special proteins accumulated during cold acclimation show antifreeze protein properties (Pearce, 2001) . Antifreeze proteins (AFPs) have the ability to alter the shape and formation of the ice crystal and prevent the recrystallization of ice. As a result, they contribute to protecting the cells from frost damage. During the cold acclimation of barley, wheat, rye and canola, the accumulation of AFP was observed (Scebba et al., 1998) . The total proline amount of buds Alnuaimi and Pırlak / Selcuk J Agr Food Sci, (2019) 33 (1), 26-36 taken at different dates is given in Table 6 . The differences between proline content of the buds were not statistically significant. Proline, an amino acid, is synthesized and deposited in plants developed in response to many environmental stresses (Yeo and Flowers, 1989; Ashraf and Wu, 1994) . The amount of proline increases in the stressed plants during the period of cold exposure (Hare and Cress, 1997) . It has been determined that citrus plants, which have adapted to cold, accumulate 3 to 6 times more proline than un-plants (Yelenosky, 1979) . In a study by Xin (1998) , 30-fold proline increase was observed in Arabidopsis plants during cold acclimation. Other stress factors also change the amount of proline. Pırlak and Eşitken (2004) , in a study with strawberry varieties, reported that the amount of proline increased significantly in plants under salt stress. Obtaining different results here may be due to the fact that the genetic structures of the species are different. Table 1 Death rates of sour cherry buds at different temperatures. 99 a b 100 a 95 a b 100 a 100 a 100 a -18°C 100 a 100 a 100 a 100 a 100 a 100 a -19°C 100 a 100 a 100 a 100 a 100 a 100 a -20°C 100 a 100 a 100 a 100 a 100 a 100 a -21°C 100 a 100 a 100 a 100 a 100 a 100 a -22°C 100 a 100 a 100 a 100 a 100 a 100 a 32 Alnuaimi and Pırlak / Selcuk J Agr Food Sci, (2019) 33 (1), 26-36 Table 4 Determination of total amount of cherry buds, bound, free water and dry matter (%). 
Conclusions
Differences in fatal temperatures and resistance to cold were observed in different developmental stages. The observed damage is highly dependent on the development stages of the flower bud. It has been observed that the buds have increased sensitivity to low temperatures. Flower tolerance is influenced by early flower bud stage and temperature fluctuation during flowering, while hot conditions increase flower sensitivity, low temperature reduces this requirement. Although the determination of the maximum durability can be obtained genetically, it is possible to explain the changes in strength; As a result of the strong climatic effect, more and more years of observation are needed. Flower buds are known to survive the cold damage that kills the tree; resistance varies widely throughout the year (Proebsting, 1982) .
The softening, hardening time, fluctuations in the resistance of the flower bud were supported by observations in the middle of winter, according to changes in ambient air temperature (Andrews and Proebsting Jr, 1987) . The deadly temperature for the sour cherry flower buds was -16 ° C, while the unopened flower bud increased rapidly to -11 ° C. Extremely low temperatures, which may occur during the rest period in the economic sour cherry cultivation in Konya city center, can damage the cherry flower buds. Therefore, it is advisable to avoid hollow areas where cold air is deposited as much as possible while closing gardens are preferred, and as far as possible, prefer protected areas.
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